We investigate the nature of monthly sunspot numbers and solar flux F10.7 by employing the linear and multiple regression techniques. We observed a brilliant correlation between monthly mean sunspot number and F10.7. We observed that even in deep solar minimum there exist some magnetic activities. We obtained the coefficient of determination R 2 to be 0.9533. We estimated the correlation coefficient for solar flux F10.7 and sunspot number to be 0.97. We extrapolated the F10.7 back to the year 1700 and observed a good correspondence between the modelled F10.7 and sunspot nature. We also found a very good correspondence between the modelled and observed solar flux F10.7.
Introduction
Sunspots, the dark regions with concentrated magnetic field and low temperature, found in the photosphere are known to the human race since the middle of the fourth century, coined by Theophrastus [1] . The Sunspots are the temporary structures evolved on the Sun and their population varies according to the eleven-year cycle of solar minimum and maximum. Their growth, survival and decay have been described by different theories, and mechanisms [2] [3] [4] [5] [6] [7] [8] . The Sunspots numbers which have been recorded for several centuries are also used as a proxy for describing the level of solar activity. The data of monthly averaged sunspot numbers are available from back to 1749. The solar radio emissions at the wavelengths were coined by Southworth in 1945 [9] . The Solar flux F10.7 has been treated as one of the most extensively used parameters for the solar activity. The solar flux F10.7 is an extent of the intensity of solar radio emissions measured on a wavelength of 10.7 cm or on a frequency of 2800 MHz. F10.7 is treated as the level indicator of a solar activity and also serves as the proxy for determining other solar quantities. It's been widely applied in astronomy, climate modelling, geophysics, meteorology, communications, and satellite systems etc. The value of F10.7 which is observed as the flux density and widely referred as the flux, in fact, is the evaluation of total solar flux emitted by all the sources on the solar disk, for a one-hour period on a wavelength of 10.7 cm. Because the solar emissions are very much sensitive to the conditions in the upper chromosphere and lower corona, the wavelength region of 10 cm is widely accepted as the best one for monitoring the level of solar activity. There have been a number of investigations to space weather prediction e.g. a multiplicative autoregression model for forecasting monthly values of F10.7 [10] , forecasting of the solar activity using neural network algorithms [11] . Zhao & Han [12] reconstructed the development history of F10.7 and put forward a long-term prediction method of solar 10.7 cm radio flux.
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The Solar Flux and Sunspot Number; A Long-Trend Analysis
The present work is focused on the regression analysis of the monthly mean Sunspot number and solar flux F10.7. Although we are in an era which is dominated by the spaceborne observations still the ground-based solar observations at a wavelength of 10.7 cm have their own importance. The data of the sunspot number analyzed in this work is obtained from the Sunspot Index Data Center (http://www.sidc.be/silso/). We obtained the data for the flux F10.7 index, from https://www.ngdc.noaa.gov/stp/spaceweather/solar-data/solar-features/solarradio/. We considered the length of sunspot data since 1947 because the earliest available observations of F10.7 are from 1947. We employed linear and multiple regression analysis for our investigation. . However, the mean sunspot numbers and F10.7 are found to be consistent in a range during solar cycle 21 (1976-1986) and solar cycle 22 (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) . We noticed a lesser number of sunspots during the solar cycle 20 (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) and 23 (1996-2007) . During post half solar cycle 18 (1947-1954), we noticed a peak in sunspot number as well as in the case for the flux indicating that it was a solar maximum and was highly active. The figure (1) also reveals that the F10.7 is not zero anywhere, screening that there is always a magnetic activity even during the deep solar minimum. The large variation around the maxima is owing to the appearance and decay of active regions. We found that the peak values, duration and shape of solar activities differ for different solar cycles. Figure ( 2) illustrates the linear regression analysis of monthly averaged sunspot number and F10.7. We have preferred data length since 1947 to reconstruct the variation of sunspot number and solar flux F10.7. We have given efforts in a direction to predict the maximum of F10.7, based on the relationship between the characteristics of the ascending part of the solar cycle and the maximum flux. We found an excellent correspondence between sunspot number and F10.7. We obtained the coefficient of determination R 2 to be 0.9533. We also obtained the correlation coefficient for solar flux F10.7 and sunspot numbers to be 0.97. F10.7=a0+a1*SSN +a2*SSN^2+a3*SSN^3
Results and Discussion
with the coefficients being a0=65.6605, a1=0.500687, a2= 0.00121647, a3= -2.71853x10 -6 The coefficient of determination for the polynomial regression fit is obtained to be 0.9543 and for adjusted data, it is 0.9542. Our findings for polynomial regression analysis are in good agreement with Zhao & Han [12] . Although, the coefficient of determination R 2 is nearly same as for linear regression but the polynomial regression provides the better fit for the data. We modelled the solar flux F10.7 using the third order polynomial equation:
F10.7=a0+a1*SSN +a2*SSN^2+a3*SSN^3
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The above equation is solved for the coefficients a0=65.6605, a1=0.500687, a2= 0.00121647, a3= -2.71853x10 -6 for the period 1947 to 2016. We found that the modelled and observed solar flux F10.7 shows a brilliant correlation for every solar cycle regardless of solar minimum or maximum. We investigated the month to month error in the modelled and observed time series for the flux F10.7, presented in figure (5) . From figure (5), we observe that during the post half solar cycle 18, solar cycle 19, solar cycle 20, solar cycle 22 and solar cycle 23, the modelled solar flux is found to be consistent with the observed solar flux F10.7. However, for solar cycle 21 and 24 the modelled solar flux F10.7 is found to be a slightly more and lesser than the observed solar flux F10.7, respectively. The minor error found among the modelled and observed solar flux corresponds to a non-zero possibility of occurring a magnetic activity even in deep solar minimum, which is affirmed in the explanation of figure (1). However, at the beginning of 17 th century, F10.7 is found to be minimum which corresponds to the Maunder minimum, when the sunspot number was also minimum, hence, we conclude a good correlation between the modelled solar flux and sunspot numbers even during the Maunder solar minimum. At the beginning of the 18 th century, F10.7 also found to be minimum and this minimum corresponds to the Dalton minimum when the sunspot number was also minimum, showing an excellent correlation of solar flux and sunspot number during the Dalton minimum period.
Conclusion
The Sunspot numbers have been widely worn as a proxy for determining the solar activity level because of the availability of sunspot data for the longest duration. Solar flux F10.7 is also a vital quantity in order to define the level of magnetic activities on the Sun. In the present work, we have preferred the monthly mean sunspot numbers and F10. observed that the value of the coefficient of determination, R 2 obtained by us (R 2 =0.9533) is vaguely smaller than that of previous result. The difference in the coefficient of determination may correspond to a decrease in magnetic activity during the time period 2005 to 2016. For the case of linear regression, we see that the flux F10.7 is progressively increasing in a linear manner with the sunspot number being in good agreement. We observed an excellent correlation between the modelled and observed F10.7. While cunning the month to month error in the time series of modelled and observed flux F10.7 for the solar cycles 19 to 24, we found that the modelled F10.7 is consistent with all the solar cycles but a minute error in solar 21 and 24. As the solar flux F10.7 is not available previous to 1947, extrapolated the F10.7 data back to 1749 and found a good correlation between the modelled and observed for F10.7. We, likewise, extrapolated F10.7 for a much longer time from 1947 to 2016 and noticed that the observed and modelled F10.7 are superbly correlated. We modelled the F10.7 back to 1700 and found that the modelled F10.7 shows a very good correlation with the sunspot number including the Maunder minimum and Dalton minimum period. Finally, as concluding remarks, we would like to point out that the coefficient of determination which is found to be 0.95 yields a very high correlation between the sunspot number and flux F10.7 even on the monthly average basis, hence, for the studies in Solar-terrestrial physics, consideration of both the SSN or F10.7 is equally good.
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